Summary. Uredospores of Puccinia gramintis (Pers.) tritici (Eriks. and Henn.) were uniformly labeled with 14C by permitt.ng the host (Triticuml aestivum L.) to carry out photosynthesis in 1"CO2 during the process of spore production by the obligate parasite. The use of 14C labeled spores iprovided advantages in a study of the utilization of endogenous substrates at frequent intervals with sma'l amounts of spores under condinions conducive to germination.
Summary. Uredospores of Puccinia gramintis (Pers.) tritici (Eriks. and Henn.) were uniformly labeled with 14C by permitt.ng the host (Triticuml aestivum L.) to carry out photosynthesis in 1"CO2 during the process of spore production by the obligate parasite. The use of 14C labeled spores iprovided advantages in a study of the utilization of endogenous substrates at frequent intervals with sma'l amounts of spores under condinions conducive to germination.
Because of previous uncertainties about the nature of the substrates of importance to germination, a detailed study of carbohydrate and lipid conponents, both in the spores and in the germination medium, was made during the first 7 hours after placing the -pores on aqueous media. D.ethyl ether and 80 % ethanol soluble metabolites each constituted approximately 20 % of the total spore carbon. During the first hour nearly 60 % of the 80 % alcohol solubles disappeared from the spores whll'e thc total ethler soluble material did not change appreciably. A significant part of the 80 % ethanol soluble materials appeared in the germnation medium.
During germination and germ tube extension, there was rapid utilization of trehalose, arabitol and mann.tol even though appreciabe amounts of these materials were present as exogenous pools in the germ nation med'um. Although the total amounts of ether soluble components did not change as drastically as the carbohydrate fraction, there was extensive utilization of palmitic, oleic, linolenic and 9,10-epoxyoctadecanoic acids.
The results indicate that the germination iprocess in spores of obligate parasites is not based so!ely on the utilization of lipids and some possible roles of the changes in interna' and external pools of soluble carbohvdrates are discussed.
There are several aspects of spore germination of obligately parasitic fungi, such as the rust or powdery mildew pathogens, which deserve addYtonal attention.
Earlier observations have led to the concept that lipid components are the chief storage metabolites and are the substrates primarily used during the germination process. The idea is supported by the low R. Q. of resp ration during germination (32) and the fact that lipid appears to be utilized extensively during germ:nat:on (2, 8, 18, 29, 34) . In addition, most workers have reported extremely low endogenous concentrations of soluble carbohydrates (0.01-0.1 % of In addition to complications due to the analytical methods employed on resting or germinating spores of obli,gate parasites, other features of the germination proces-. pose problems ill the interpretation of the (lata previously obtained. First, germination is erratic all(I ill imally experiments tIle percentage of spores whichl igerminate lhas been low (8, 33) or not reported. Thllerefore the functional role of the observed chalnges in various inetabolic componients can not alwvaysbs be assessed. The erratic behavior of uredospores of various rust fungi appears to be due to specific self inhibitors (1, 4) produced by the spores. In the case of stem rust of wheat uredospores, the self inhlibition can be overconme by addition of certaiil iiatural products (3) or by lipid derivatives such as pelaragonaldehyde (39) which may be formed from an unusual fatty acid (9, 10-epoxyoctadecanoic acid) present in large quantities in this species. Sturprisng-ly, 2,4-dinitrophenol also stimulates germination of this organismii (3) andl this 'fact illustrates the uncertainties surrounding the metabolic events during germinationl.
Second, many of the analyses have been performed at time periods long after the metabolic events important for germination are over, with the danger of bacterial contaillinatiol bv organisms accompanying uredospore collectioin (13) . The princiipal evidence upon whiclh the concept of lipid utilization is based was obtained 3 to 6 days after germination was initiated (34) (46) . The Petri plates were placed in the dark at 220.
At intervalis after germination, the spores were separated from the germination nedium by filtration through Whatnman No. 1 paper or millipore filters.
Protrusion of germ tubes was evident within 30 to 60 minutes andl germination was reasonably svnchronous. Elongation of germ tubes was continuous during the time periods exanined and appearance of the germ tube was normal. Although it has been possible to obtain as high as 90 % germination with spores germinated in this manner (46) The results for carbohydrate components were at variance with some previous reports. Although fructose, glucose and sucrose are present in infected tissues (10) we could not identify them with certainty in spore extracts. Some very low levels of activity were associated with the chromatogram areas corresponding to glucose and 'fructose, but there was never enough to permit precise identification. We did not dbserve any of the other reducing sugars reported ' (38) to occur in rust spores.
Contrary to the report of Reisener et al. (28) , trehalose was present in ui-germinated spores in agreement with the recent work of Wynn et al. (47) . However, we have never been alble to detect, in a nuniber of isolations from spores or infected tissues, the presence of a water or ethanol soluble radioactive component that corresponded to glycerol which has been reported to comprise 2 % of the fresh weight of stem rust uredospores (28) . With other extraction procedures (28) , it is possiible that lipase activity might account for glycerol formation. Mannitol was approximately equal in amount with trehalose. Arabitol was the pentitol found in the experiments to be discussed but we have observed the presence of significant amounts of ribitol in some preparations of bean and wheat rust uredospores.
In some but not all preparations, radioactive material was detected at the solvent front (table III) At the end of 24 hours, tlle total loss via respiration was 39.6 ug carbon per nmg of spores or 6.5 % of the initial spore carbon.
Loss of carlbon bv this route was small during the early stages of germination iwhen compared to the amounts found in the germination medium (table 1) . In this experiment 7 % of the total spore carbon was found in the germination medium, however, the value has ranged from 4 to 9 % in other experiments. Most of the carbon in the medium was extractable in 80 % ethanol. At the end of the third hour the carbohydrates external to the spore constituted a larger pool of material than the carbohydrates within the spore (compare with table III). Since the external amount's decreased at the end of 7 hours, they were probably taken up for subsequent metabolism. 42.7 ,ug c/mi(g spores. 'rhis repres>ented about 7 % of the initial spore carbon. Subsequent losse.s were not as marketd. I'lhe greatest percentage change in the fatty acids ;\as in the eis-9,10-epoxyoctadecanoic acid but considerable loss was noted for palmitic, oleic and linolenic acids (table V) . 'Tlbe 9,10-dihydlroxyoctadecanoic acid, showvn previously to be an enzvmatic hydration product of the epoxy aci(l molecule (42) , increased in amount wvith time.
Tlle water soluble components of the lipi,d fraction, including the free fatty acids soluble in 5 % NaH'COQ (table TV) (36, 37) .
Even tlhough external compounds may not be functionally imiportant, the existence of a large external pool of caibon complicates studies of metabolism. In recent reviews, Allen (2) Staples and Wynn (38) and Shaw (32) (28, 40) of the extent of carbohydrate utilization must be subject to reservation since the germination medium was not examined.
It is most likely that the lipid and carbohvdrate poolis may have distinct metabolic significances. Some of the fatty acid components which disappeared may be accounted by increases in the non-saponifiable lipid (8) or in ether soluble comnponents which could not be re-overed from thin layer plates (taible IV).
The rapid disappearance of 9,10-epoxyoctadecanoic acid dIlring the initial stages of germination (table V) is accounted for only paltially by appearance of 9.10-dlivdtlrox,voctadecanoic acid. Tuilloclh (42) reported essentiallv stioclhionmetric conversion under non-germinating conditions. Although other pathways of mnetalbolisns of the epoxy acid may occur during germiinationi, mor-e important perhaps, is the possibility that the dihydroxy acid may be fuirther metabolized to otlher compounds, such as pelargonaldehyde, which specifically stimulate germination (2) . Some lipid may be used for carbohydrate synthesis (8, 12, 18, 29) via the glyoxylate path'way, but the major significance of the glyoxylate enzymes in uredospores may be only to replenish 4 carbon acids of the tricarboxylic acid cycle used in amino acid biosynthesis. Glutamic and aspartic acids (and their
